A high-resolution photoemission (PES) study of the heavy-fermion compound YbA13 
I. INTRODUCTION
The single-impurity Anderson model for the behavior of heavy-fermion systems has proven very successful in describing the bulk, low-energy properties of these materials. Extensions to photoemission spectroscopy (PES), notably the Gunnarsson-Schonhammer (GS) calculation of spectral weights from the Anderson model' and the similar noncrossing approximation (NCA) have, until recently, been thought equally successful in reproducing heavy-fermion spectra. ' Although the qualitative agreement between Kondo theory and the experimental results might be considered by some as reasonable, we have lately shown that there are serious discrepancies between the specific quantitative, and some of the qualitative, predictions of the theory, and high-resolution photoemission data. ' In particular, the trends and functional dependences on the Kondo temperature (Ttc ) are generally not realized, even though fitting a single spectrum from any one material at one temperature might be successfully accomplished by allowing parameters, such as Tz, to vary.
Central to the Anderson model is the existence of the Kondo resonance (KR), a feature whose intensity and line shape in photoemission spectra are dictated by the Tz of the particular material. The particle excitation spectrum is We have found that at low temperatures the contamination rate is greatly slowed, but at room temperature contamination can be extremely rapid: Fig. 4 shows the growth of oxide on a YbA13 sample cleaved at room temperature. The effects of contamination on the f ' line shape are illustrated in Fig. 5 . Note in particular how the initial effects are largely confined to the surface peaks, but significant contamination levels will tend to wipe out the bulk peaks. Given this tendency of contamination to reduce the intensity of the bulk f ' peaks, and the rapidity with which this can occur at room temperature, it follows that one way that an apparent temperature dependence of these peaks could occur would be as an artifact of contamination as the temperature is changed. We further note that the bulk/surface ratio is inevitably a function of the surface sensitivity of the measurement. Figure  6 shows the effect of changing the emission angle on the apparent bulk 4f intensity. As there is no guarantee that any two cleaves will occur parallel to each other, the effective emission angle is unlikely to be constant between We now turn to a search for the predicted temperature dependence in the f ' peaks. In order to compare spectra taken at different temperatures they must first be normalized. Since it is the bulk peaks for which the Kondo model predicts temperature dependence, it might at first seem reasonable to normalize the spectra to the intensity of the surface peaks. But, as we have shown, it is very likely that these peaks will themselves have some form of temperature dependence. The effect of normalizing to the surface peaks is shown in Fig. 8(a) , where Fig. 4 ), although this was heavily cleave dependent. In the best cases, spectra were recorded for as long as 30 min after warming before contamination became appreciable. The considerably retarded contamination rates at low temperature allowed longer data acquisition times, of typically an hour or more, hence the slightly better statistics in the 80 K data of Figs. 8 and 9. Essentially, the idea in the normalization procedure is that, while normalization to mesh current alone should be sufficient all other effects remaining unchanged, it rarely works in practice due to the above discussed surface and/or position changes. After mesh current normalization, the spectra were renormalized to the integrated area shown in Fig. 9 . Note that the intensity increase on the high binding-energy side of the 2p peaks at 300 K, due to Al oxide (see Fig. 5 ) is left out of the integration. The renormalization factor was then applied to the valenceband spectra (after they had been normalized to mesh current). This procedure has been used to normalize the spectra of Fig. 8(b) . Note that it is now much less clear how the bulk peaks are affected, but it is obvious that there are significant changes in the surface peaks. In addition to illustrating that an apparent temperature dependence can be an artifact due to an invalid normalization procedure, this also reinforces the advantage of employing curve fitting to extract the bulk 4f line shape when the surface peak line shape is not constant.
The results of such a procedure for the data of Fig. 8(b) are shown in Fig. 10 . Note that in stark contrast to the result implied by Fig. 8(a) , our rigorous procedure in fact shows that there is almost no temperature dependence in the bulk f ' peaks of YbA13 (compare these data with the theoretical estimates shown in Fig. 2 ). We note in passing that the Lorentzian widths, and f~b inding energy, determined from this high-resolution data agree within 2 meV to those found for the 120-eV data of Fig. 6 I I II I I II I I II I I II I I I II I I II I I II I I I II I I II I I II I I  l I I I I II I I II I 1 II I I I II I I II I I II~I I II I   102  104  106  108   110 Kinetic Energy (eV) Fig. 12 shows, the bulk line shape has also remained unchanged, as the two spectra overlay almost perfectly (the spectra were normalized at the valence-band maximum, although, because they were taken within minutes of each other, they displayed almost identical intensities without normalization). Thus we find no temperature dependence in the bulk f ' peaks over the range 20 -300 K. Fig. 8(a) 
